We analyze the dynamic comovement of commodity futures returns within each category (energy, precious metals, industrial metals, and agriculture) from 1997 to 2013 under the effects of the financialization of commodity markets. Our findings from the dynamic equicorrelation GARCH model of ? show evidence of convergence for precious and industrial metal commodity futures since mid2000s. On the other hand, there is no sign of convergence across the agricultural commodity futures, with most of them moving in a unrelated manner. Finally, a relatively high level of convergence is found for energy commodity futures, except for natural gas futures which expectedly behave significantly different from the other energy commodity futures. As a whole, our results suggest some potential for diversification benefits within commodity-specific categories, but at the same time the predominance of physical supply/demand balance as the main driving force of the commodity futures price dynamics rather than global financial conditions. Keywords: commodity futures, dynamic convergence, dynamic equicorrelation JEL: C58, G11, L61, Q02, Q14, Q40 On the other hand, there is no sign of convergence across the agricultural commodity futures, with most of them moving in a unrelated manner. Finally, a relatively high level of convergence is found for energy commodity futures, except for natural gas futures which expectedly behave significantly different from the other energy commodity futures. As a whole, our results suggest some potential for diversification benefits within commodity-specific categories, but at the same time the predominance of physical supply/demand balance as the main driving force of the commodity futures price dynamics rather than global financial conditions.
Introduction
The correlation structure across assets is a critical factor for asset allocation and portfolio management. The modern portfolio theory suggests that investors can substantially improve the risk-adjusted return performance of their portfolios by allocating funds in sub-perfectly correlated assets (i.e., those with negative or low correlations) as the latter do not comove closely together. Inversely, a portfolio of highly correlated assets may suffer from important losses during uncertain and bearish market periods. Previous studies have shown that not only asset correlations change through time, but also they increase sharply in turbulent market conditions, because of shock spillover and contagious effects Solnik, 1995, 2001; Chiang et al., 2007; Antoniou et al., 2007; Markwat et al., 2009) . Furthermore, the increased correlations, which often remain high for a long period, lead to lower the diversification benefit even a widely internationally diversified portfolio is constructed (Errunza et al., 1999; Ang and Bekaert, 2002; Capiello et al., 2006; Driessen and Laeven, 2007; You and Daigler, 2010) .
The advent of the recent global financial crisis 2007-2008 which resulted in increasing comovement between international equity markets around the world has incited investors to consider alternative instruments as a part of their diversified portfolios in order to hedge equity risk. In particular, energy and precious metal commodity futures are generally viewed as safe and refuse assets when financial markets go through turbulent times or when economic uncertainties arise at global scale (Abanomey and Mathur, 2001; Georgiev, 2001; Hillier et al., 2006; Gorton and Rouwenhorst, 2006; Kat and Oomen, 2007; Chong and Miffre, 2010; Buyuksahin et al., 2010; Belousova and Dorfleitner, 2012) . The main argument for commodity investing, especially through commodity futures mutual funds and commodity exchange-traded funds (ETF), relies on the fact that commodity and equity returns are usually not driven by the same factors, which results in their low bilateral correlations. Provided that commodities are real assets and reflect price changes, commodity futures also provide a cushion for portfolios of traditional assets (stocks and bonds) against unexpected rise in inflation.
Even though commodity futures seem to provide investors and portfolio managers with several benefits, their price dynamics has markedly changed over the last decade, due to the rising demand from emerging market economies, to frequent changes in the supply-demand conditions, and to the growing financialization of commodity markets. As a result, commodity markets have become increasingly dependent on factors other than supply and demand, and more volatile (Tang and Xiong, 2012; Buyuksahin and Robe, 2014; Arezki et al., 2014) . Moreover, several recent studies have shown that diversification benefits potentially associated with the presence of commodity futures in portfolios are not only time-varying, but also reduced owing to their increased correlation with other risky assets (Cheung and Miu, 2010; Daskalaki and Skiadopoulos, 2011; Silvennoinen and Thorp, 2013; Delatte and Lopez, 2013; Lombardi and Ravazzolo, 2013) .
Given their economic significance and growing use in investors ' portfolios, it is vital to analyze the dynamics of commodity markets. Our study addresses this issue by focusing on the dynamic convergence of commodity futures of the same group in terms of return (financial) comovement. If the commodity futures in the same group comove closely together, then diversification benefits and hedging potential among those commodity futures become low and may disappear.
This situation may indicate the dominant role of financialization, rather than physical supply and demand, in driving the commodity futures price dynamics. On the other hand, a lack of return comovement would mean the presence of diversiffication benefits while investing in different commodities of the same group, and suggest that the pricing of the commodity futures under consideration still depends largely on specific fundamentals including supply and demand factors. At the empirical level, we adopt the dynamic equicorrelation (DECO) model of Engle and Kelly (2012) to assess the time-varying comovement degree for each of the four groups of commodity futures (energy, precious metals, industrial metals, and agriculture) over the period 1997-2013. This model is advantageous in that it provides a straightforward and meaningful way to measure the extent to which commodity futures of the same group converge over time. The obtained comovement index thus has direct implications on portfolio diversification and hedging for a specific group of commodity futures. A detailed analysis of inter-commodity comovement is also conducted on the basis of the consistent dynamic conditional correlation GARCH (cDCC-GARCH) model of Aielli (2013) . Note that the existing literature have mainly used the causality and cointegration approaches to investigate the relationships between commodity and other financial markets (Chng, 2009; Sari et al., 2010; Ewing and Malik, 2013; Hammoudeh et al., 2013) , and between energy and agricultural commodity markets (Natanelov et al., 2011; Nazlioglu, 2011; Nazlioglu and Soytas, 2012; Nazlioglu et al., 2013) .
Our analysis shows a clear tendency of convergence for precious and industrial metal groups, with the level of intra-group return comovement increases sharply since mid-2000s. Regarding the energy group, it displays a high and relatively stable level of comovement over the study period, except for natural gas futures which exhibit a different behavior. By contrast, the agriculture futures group is not homogeneous in terms of return comovement as the latter only has several important peaks during the global financial crisis [2008] [2009] . Overall, the findings reveal the diversifying potential of natural gas futures for the energy group. This opportunity also holds for commodities of the agriculture group.
The remainder of this paper is organized as follows. Section 2 provides a short review of relevant studies in the related literature. Section 3 describes the data and the methodology. Section 4 presents the empirical results. Section 5 concludes.
Literature Review
The literature that examines the price dynamics and interactions within individual commodity groups has mainly focused on the short-term comovement, long-run relationship, and extreme dependence among energy commodities.
Studies such as Marzo and Zagaglia (2008) , and Vacha and Barunik (2012) typically investigate the contemporaneous relationships, both on time and timefrequency dimensions. For example, Marzo and Zagaglia (2008) assess the dynamic conditional correlations among energy commodity futures traded in the New York Mercantile Exchange, and shows that the conditional correlation between natural gas and crude oil futures has been rising over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . However, the linkage is weak on average over two thirds of the sample, suggesting a relatively different pricing mechanisms for these two commodity futures. Using wavelet coherence approach, Vacha and Barunik (2012) show that heating oil, gasoline and crude oil strongly comove over the period 1993-2010. They also find that natural gas seems to be unrelated to the other three commodities. Other studies examine both correlation dynamics and volatility spillovers Batten et al., 2010; Sensoy, 2013) . Hammoudeh et al. (2010) find that most of the four major precious metals are weakly responsive to news spilled over from other metals in the short run, while Batten et al. (2010) document volatility feedback between them. Sensoy (2013) shows that precious metals get strongly correlated with each other in the last decade which reduces the diversification benefits across them. In a related study, Beckmann and Czudaj (2014) use GARCH-in-mean VAR models and provide evidence of short-run volatility transmission in agricultural futures markets.
The second trend of the literature particularly tackles the long-run relationships among major energy commodities and precious metals (Serletis and Herbert, 1999; Barcella, 1999; Haigh and Holt, 2002; Serletis and Rangel-Ruiz, 2004; Bachmeier and Griffin, 2006; Panagiotidis and Rutledge, 2007; Westgaard et al., 2011) . The majority of these studies conclude on the presence of a longrun relationship between energy and metal prices, but find some evidence of decoupling recently. For instance, Serletis (1994) examines the long-run interactions of daily crude oil, heating oil and gasoline futures prices from 1984 to 1993. The obtained results indicate that these petroleum prices are driven by one common trend over the long run (i.e., they form a co-integrated system). Serletis and Herbert (1999) investigate the secular trends between different energy prices in North America, and find evidence of a long-run link between natural gas and fuel oil prices, thus indicating effective arbitraging mechanisms between those energy prices. Haigh and Holt (2002) examine the hedge effectiveness of crude oil, heating oil and gasoline futures contracts in reducing spot price uncertainty, and find evidence of cointegration between the spot and futures petroleum prices over the period 1984 to 1997 for the US market. However, deregulation has weakened the relationship between the U.S. crude oil and natural gas prices, thus showing some evidence of decoupling between these prices (Serletis and Rangel-Ruiz, 2004 ). This result can be explained by the fact that natural gas and crude oil are substitutes in consumption as well as complement and compete in production for various industrial processes. The rapid increase in the production of shale gas in the United States since 2000 has also contributed significantly to this tendency of natural gas-crude oil price decoupling.
Finally, there is evidence of extreme comovements in energy markets. Tong et al. (2013) use copula models and find that the conditional dependence in both the upper and lower the tails between crude oil market and refined petroleum markets is positive, indicating that these markets tend to move together. Using an extreme value copula-GARCH approach, Aloui et al. (2014) show evidence of asymmetric dependence between the crude oil and natural gas markets from January 1997 to October 2011. More importantly, the crude oil and gas markets tend to comove closely together during bullish periods, but not at all during bearish periods. The authors explain the evidence of joint extreme movements when markets go up by the simultaneous impacts of increasing economic activities.
Our paper contributes to the above-mentioned literature by looking at the financial comovement of commodity futures in the same group through the use of the DECO-GARCH model. As stated earlier, the results of the investigation shed light on portfolio diversification and hedging for a specific group of commodity futures.
Data and Methodology
The data used in our study covers a period from July 23, 1997 to November 12, 2013. We use the daily generic futures' (1 month to maturity) prices (in US dollar) of several commodities obtained from Bloomberg database.
1 The commodity list and the corresponding tickers are given in Table 1 . 1 By generic futures contract with maturity h, we mean the contract that is closest to the desired maturity. The future price is rolled over from the previous month. The empirical work carried out in this study is also performed using generic futures with 2-3-4-5-6 months to maturity. The conclusive results are indistinguishable, thus not presented here. For each commodity i, we use the log-returns i.e. r i,t = ln(P i,t /P i,t−1 ). To get rid of the serial correlation effects and obtain the zero mean residuals, we first estimate the following mean equation
where r t = [r 1,t , ..., r n,t ] is the vector of n commodity returns, µ is a vector of constants with length n, ϕ is the coefficient vector corresponding to autoregressive terms and ε t = [ε 1,t , ..., ε n,t ] is the vector of residuals.
In the next step, we obtain the conditional volatilities h i,t from univariate GJR-GARCH(1,1) process for an additional weight to negative returns. In particular, we estimate the following
where γ is the leverage coefficient.
Consistent Dynamic Conditional Correlation
The dynamic correlations between the analyzed variables will be obtained by the cDCC model of Aielli (2013) . To consider cDCC modeling, we start by reviewing the DCC model of Engle (2002) . Assume that E t−1 [ε t ] = 0 and
is the conditional expectation on ε t , ε t−1 , .... The asset conditional covariance matrix H t can be written as
where R t = [ρ ij,t ] is the asset conditional correlation matrix and the diagonal matrix of the asset conditional variances is given by D t = diag(h 1,t , ..., h n,t ).
Engle (2002) models the right hand side of Eq.(3) rather than H t directly and proposes the dynamic correlation structure
where
.., u n,t ] and u i,t is the transformed residuals i.e.
is the n × n unconditional covariance matrix of u t , Q * t = diag{Q t } and a, b are non-negative scalars satisfying a + b < 1. The resulting model is called DCC.
However, Aielli (2013) shows that the estimation of Q by this way is incon-
and he proposes the following consistent model with the correlation driving process
where S is the unconditional covariance matrix of Q * 1/2 t u t .
Dynamic Equicorrelation
Engle and Kelly (2012) suggest modeling ρ t by using the cDCC specification to generate the conditional correlation matrix Q t and then taking the mean of its off-diagonal elements as a simplifying procedure to decrease the estimation time. This approach is termed the dynamic equicorrelation (DECO) model, and the scalar equicorrelation is formally defined by
where q ij,t is the (i, j) th element of the matrix Q t from the cDCC model. This scalar equicorrelation is then used to create the conditional correlation matrix
where J n is the n × n matrix of ones and I n is the n-dimensional identity matrix. This process helps us to represent the co-movement degree of a group of assets with a single time-varying correlation coefficient.
Results and Discussion
This section consecutively presents the statistical properties of commodity futures returns, the estimates of the empirical DECO-GARCH model, and the comovement within each type of commodities.
The statistical properties of the log return series are reported in Table 2 .
Over the study period, the energy futures realized the highest daily average return in general, followed by the precious and industrial metal futures, while the agriculture futures exhibit almost zero daily returns. In the meanwhile, the energy futures are also more volatile than the others, with respect to the unconditional standard deviation. In addition, all commodity returns are not normally distributed in views of skewness and excess kurtosis coefficients as well as the Jarque-Bera test statistics. We also examine the stationary property of return series by using the Augmented Dickey-Fuller (ADF) unit root test and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test for stationarity. Our results indicate that the former rejects the null hypothesis of unit root for all the return series at the 1% significance level, while the latter cannot reject the stationarity of these series at the 1% significance level. This evidence shows that all the return series are stationary and are therefore suitable for further investigation.
3 Table 3 reports the estimation results for the parameters in the conditional mean and variance equations of the empirical DECO-GARCH model. Recall that in our study, the conditional variances are modeled by the univariate GJR-GARCH processes which allows for asymmetric reaction of the conditional 3 We also conducted the ARCH test for conditional heteroscedasticity. The results, not reported here for concision purpose, show evidence of ARCH effects in our return series, which thus justify our choice of a GARCH-based methodology.
volatility to return shocks. The significant ϕ parameters in 9 out of the 23 series show the appropriateness of including the first lag of the return series in the mean equation to get rid of the serial correlation effect. Table 3 also indicates that the tail parameter β is statistically significant for each commodity, which confirms the existence of the leptokurtic behavior of return series. In 11 out of the 23 commodity return series, strong evidence of volatility asymmetry is observed as the parameter (γ) is statistically significant. 4. *,** and *** denote significance levels at 10%, 5% and 1% respectively. We now turn to a detailed analysis of the comovement between pairs of commodity futures within each commodity group. The results are obtained from the cDCC-GARCH model of Aielli (2013) , which provides the time-varying bilateral conditional correlations. Dynamic correlations between each pair of commodity futures in energy, precious metals, industrial metals and agriculture groups are illustrated in Figures 2, 3, 4 and 5, respectively. We report, in Table 4 , the estimates of the coefficients driving the dynamics of cDCC and DECO processes for comparison purpose. among others, droughts in grain-producing nations (such as Australia), financial speculation, biofuels, and rising oil prices (Headey, 2011) .
Regarding the energy group, each commodity futures seems to comove with another over the whole sample period, with the exception of natural gas (see Figure 2) . We see that natural gas futures returns comove strongly with other energy commodity futures only during the global financial crisis of 2008-2009. For other subperiods, the comovement with natural gas is comprised between 0 and 0.2.
Overall, the comovement of commodity futures in the same category, particularly for energy and precious and industrial metal commodities, can be partially explained by the growing financialization of commodity markets related to increased derivatives trading and financial investor activity as well as the occurrence of successive crises over the study period (Domanski and Heath, 2007; Dwyer et al., 2011) . Indeed, several studies including, among others, Chan- Furthermore, the distinct dynamics of natural gas and agricultural commodity futures may indicate that factors other than financialization and financial turbulences may still play a significant role in driving the price movements of these commodities. Effectively, the geopolitical risk, economic forces, extraction techniques, and occurrences of natural events are among the critical factors, in addition to the physical supply and demand (see, Aloui et al. (2014) and references therein). For example, the natural gas futures prices are more sensitive to regional factors than the crude oil futures prices which react more to global and geopolitical factors, given the regional distribution of the natural gas. As to the agriculture futures prices, they are generally more dependent on extreme weather and specific climate conditions. Taken together, this decoupling feature thus reveals a potential for diversification benefits across agricultural commodity futures and also between natural gas and other energy futures. 
Conclusion
The price dynamics of commodity futures is now a regularly debated topic as it has important implications for commodity investors and policymakers for investment, risk management, and regulation issues. In particular, the occurrence of various financial crises over the last two decades has incited investors to allocate their funds to alternative asset classes in order to diversify away the increased risk of their portfolios, usually composed of only bonds and stocks.
In the context of the growing financialization of commodity markets, commodity futures and particularly energy products and precious metals have become attractive for portfolio diversification and hedging, provided that they offer volatile returns with low correlations with stocks and bonds (Arouri et al., 2011; Daskalaki and Skiadopoulos, 2011) .
Our study contributed to the related literature by addressing the dynamic convergence of commodity futures returns for each of the four commodity groups (energy, precious metals, industrial metals, and agriculture) through making use of the DECO-GARCH model. We show evidence of convergence for the energy group over the whole study period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) with the exception of natural gas futures, and for the precious and industrial metal groups since mid2000s. Our findings also point to the decoupling of agriculture commodities as a homogeneous group in terms of financial comovement. While the convergence of energy, precious metal, and industrial metal groups can be attributed to the increased interest of commodity futures for portfolio diversification and hedging, our results for natural gas futures and the agriculture group is not unexpected, given the regional nature of natural gas and the dependence of agricultural commodities on extreme weather and specific climate conditions. It is thus clear that natural gas futures have diversifying potential with respect to other energy commodity futures. The same conclusion holds to the group of agriculture futures. Note finally that the substantial increase in the rate of convergence during the second half of the 2000s seems to suggest that the global financial crisis 2008-2009 also plays a partial role in the convergence process.
Based on our results, a potential direction for future research may consist of exploring the drivers of the convergence/divergence patterns for each group of commodity futures, while taking the market states (bull versus bear markets) into account. The detailed investigation in this direction would help investors to construct better risk management strategies, and policymakers to prevent the harmful effects of commodity market linkages on economic activity, during both regular and turbulent times.
